A B S T R A C T This study has assessed the regulation of arterial blood and cerebrospinal fluid (CSF) [H+] and that the combination of chronic hypoxemia and hypocapnia of moderate degrees provided no mechanisms for the specific regulation of CSF [Hco3-] and hence for homeostasis of CSF [H+].
INTRODUCTION
For any given reduction in alveolar 02 tension below sea-level normoxia, man's ventilatory response is substantially greater during chronic than during acute h' poxic exposure (1) . The [H+] to normal over time during prolonged hypoxic exposure, peripheral chemoreceptor activity is permitted to exert its full "undampened" effect on the respiratory center and ventilation is maintained at a high level (2) . This model or its variations, as it has been applied to explain ventilatory regulation in a variety of chronic conditions (3, 4) , is dependent upon two premises: (a) a high sensitivity of the "central" chemoreceptors and hence ventilation to very small changes in brain extracellular fluid or CSF [H'] (5-7); and (b) a relatively precise regulation of CSF pH via mechanisms which contribute specifically to the reduction of CSF [HCO3-] (2-4).
We questioned the applicability of this concept to conditions of moderate hypoxemia, i.e., where the ventilatory response to hypoxic exposure is relatively small or negligible in the early acute stages but increases substantially with time (1, 8) . Under these conditions (Pao2 50-60 mm Hg) it is to be expected that acute exposure will elicit only minimal changes in arterial and CSF Pco2 and CSF pH. (15) . Cerebral venous blood was sampled through a 22-gauge needle placed percutaneously under local anesthesia in the superior bulb of the internal jugular vein. LSF was sampled into a dry, sealed syringe through a 22-gauge needle in the fourth intervertebral space. The initial 0.5 ml of fluid containing syringe dead space air was discarded and in most cases, a single 6-8 ml clear, anaerobic sample accepted for analysis. In some cases consecutive 3-4-ml samples of spinal fluid were drawn in identical fashion for purposes of testing sampling and measurement reproducibility. Arterial blood samples were obtained immediately preceding and following all spinal taps. Steadystate conditions for ventilation during sampling were ensured by having the subject rest a minimum of 30 min before the procedure, by monitoring end-tidal Pco2 throughout, and by completing all (blood) sampling over an 8-12-breath period at relatively constant PETcO2. The lowresistance open-circuit system used for gas collection, administration, and analysis was previously described (11, 16) . After each spinal puncture subjects were required to remain resting in a supine position for a minimum of 3-4 h. Some subjects experienced minor local discomfort over a 24-48- (20) , and lactic acid concentration in blood and LSF by a modified colorimetric technique (Table IIA) (21) . For lactic acid analysis, filtrates were prepared immediately and stored frozen until the end of all experimental phases, at which time all samples on a single subject across all conditions were analyzed together.
All C02 and 02 concentrations in gas cylinders used for calibration and tonometry were analyzed in triplicate on a Lloyd-Gallenkampf volumetric apparatus.
In vitro "buffer slopes" in blood and LSF (Alog Pco2/ ApH) were determined in each subject on at least one occasion (in chronic normoxia), by microtonometry of samples at 37.0'C, and at -30 and 53 mm Hg, each with Po,> 500 mm Hg. Over the range of Pco2 studied buffer slopes for the seven subjects ranged from 1.0 to 1.1 Alog Pco2/z&pH for LSF, and from 1.5 to 1.6 for blood. These in vitro values were used to calculate the changes in CSF pH from observed changes in jugular venous Pco2 during 1-h exposure to hypoxia (see below).
The degree of pH compensation in arterial blood and in LSF during sojourn at 3,100 m was computed according to Siesj6 (22 The four phases of the study were conducted over a total 10-mo period and included chronic normoxia, 1-and 8-h exposure periods to hypoxia in a hypobaric chamber, and 3-5-wk sojourn at 3,100 m altitude (Leadville, Colo. the five subjects was considered to be representative of the whole group (n = 7) and was used to calculate changes (from chronic normoxia) in CSF Pco2 for the observed change in each subject's arterial Pco2 after 1 h exposure in the hypobaric chamber. In turn, each subject's CSF pH during 1 h was estimated by applying the computed change in CSF Pco2 to the individual subject's in vitro LSF pH-log Pco2 buffer slope.
Conditions of chronzic htypoxic exposutre were defined as 3-4 wk sojourn at 3,100 m altitude (Leadville, Colo.). LSF measurements in two of the seven subjects were repeated 12 after 5 wk sojourn. Daily or 3 times weekly measurements of arterialized acid-base status were completed between the 3rd and 35th day of sojourn.
Statistical probabil,ity of differences between the means of grouped data were determined by conventional analysis of (Table III) . ing nmm Hg were essential to the estimation of CSF acides-base status during the initial phase or Ist h of hypoxic ate exposure. As shown in Fig. 1, 1 (Fig. 2) .
Relationship between LSF pH and ventilatory adaptation With further hypocapniia betwen 8 h and 3 wk at 3,100 m, LSF pH remained unchanged (-0.024 to + 0.020). In total, the hyperventilation and hypocapnia obtained between 1 h and 3 wk hypoxic exposure were accompanied by a mean increase of + 0.025 units in CSF pH (P < 0.05); which consisted of an increase in five of seven subjects (+ 0.02 to + 0.06), a decrease in one subject (-0.01), and an unchanged CSF pH in one subject. Arterial blood pH became slightly, yet consistently more alkaline in all subjects at each of the three stages of increasing hypocapnia.
DISCUSSION
Limitations. Attempts to definie the effects of hypoxia oni acid-base status in CSF in healthy man are limited by the required sampling sites. Obviously, it may be questionable whether measurements of jugular venous blood and LSF during acute and chronic exposure conditions, respectively, accurately reflected the actual acidbase changes in CSF.
Present estimations of acute changes in CSF pH during the Ist h of hypoxic exposure were probably as ac- (9, 24, (32) (33) (34) . Furthermore, substantial evidence has accumulated to dictate that truly steady-state conditions must be present in order that meaningful relationships may be inferred between measured pH changes in LSF and the actual changes in bulk CSF and brain ECF (7, 25, 32, 33 As outlined in the introduction, the current explanation for ventilatory acclimatization to high altitude requires a significant reduction of CSF pH-below the alkaline levels obtained during acute hypoxia-as hyperventilation and hypocapnia progress and arterial Po2 rises with the duration of hypoxic exposure (2, 4) . In the steady-state of acclimatization, then, the drive from medullary [H+] chemoreceptors is not significantly different from sea-level-normal and the increase in ventilation is attributed to the prevailing hypoxic drive (2, 4) . To the contrary, in the steady-state of acclimatization to 3,100 m altitude, the data suggest that the combination of [H+] and Po2 drives alone should provide a ventilation which approximates a level below that for chronic normoxia (Table IV) (9) . Clinical data for the most part shows a substantially more effective defense of CSF pH in chronic acid-base disorders of nonrespiratory origin over those of apparent respiratory origin (9, 10, 38, 39 (29, (44) (45) (46) (47) . Indeed, the earlier studies of Severinghuas, Mitchell, Richardson, and Singer in man after 6 h-S days at 3,800 m altitude reported almost complete (~90%) (2) and even overcompensation (~110%) (48) when the level of arterial hypoxemia was reduced to the steep portion of oxyhemoglobin dissociation curve (27, 29, 49) . A recently completed study in our laboratory assessed pH regulation in healthy subjects during 26 h of controlled hyperventilation and hypocapnia under conditions of sea-level normoxia and 3,100 m hypobaric hypoxia (50) . The results were consistent with presently proposed hypotheses, i.e., prolonged respiratory alkalosis was accompanied by significant and comparable increases in both arterial and LSF pH, which wvere unaffected by the superimposed hypoxemia. It does not seem unreasonable to suspect, then, that the regulation of CSF [HCO3-] and hence the contribution of the "central" chemoreceptor to the mediation of man's ventilatory adaptation to high altitude may be critically (lependent upon the severity of environmental or cerebral hypoxia under study.
